Bacteria belonging to the genus Rhizobium are generally considered to be mutualistic symbiotic partners of legumes (Fabaceae) (Peng et al., 2008) . These microbes have been isolated from various sources, with the majority being associated with fabaceous plants (Ló pez-Ló pez et al., 2012; Mnasri et al., 2014; Ren et al., 2011a, b; Rincó n-Rosales et al., 2013; Yao et al., 2012; Zhang et al., 2011b) , although some are from non-fabaceous plants (Berge et al., 2009; Kittiwongwattana & Thawai, 2013 , 2014 Peng et al., 2008; Puławska et al., 2012; Zhang et al., 2014) and non-plant sources (Parag et al., 2013; Quan et al., 2005; Zhang et al., 2011a) . At the time of writing, the genus Rhizobium comprises 70 recognized species. However, many of these strains were isolated from only a few genera of fabaceous plants, with most plants being unexplored as isolation sources of bacterial strains.
Pueraria is a fabaceous plant that is widely distributed in Asia, including Thailand. Pueraria candollei var. candollei and P. candollei var. mirifica have been used in Thailand as traditional medicines (Keung, 2002) . Many studies have shown that P. candollei var. mirifica (synonym: Pueraria mirifica) possesses pharmacological activity (Chansakaow et al., 2000; Cherdshewasart et al., 2004; Trisomboon et al., 2004; Urasopon et al., 2007 (Bautista et al., 2010) and strains of several Rhizobium and Bradyrhizobium species were isolated from the root nodules of P. candollei var. mirifica (Pongsilp et al., 2010) . Here, we describe the classification of strain PC004 T , which was isolated from another variety: P. candollei var. candollei.
Strain PC004
T was isolated from the root nodules of P. candollei var. candollei, grown at the Faculty of Pharmacy, Mahidol University, Bangkok, Thailand, in December 2010. The surface of the nodules was sterilized using 3 % sodium hypochlorite solution for 30 min, and sterility was checked by placing the nodules on nutrient agar (Difco) for 3 days. They were then crushed and spread on yeast mannitol agar (YMA; Vincent, 1970) ; after cultivation for 7 days, the visible colonies were selected.
The chromosomal DNA of PC004
T was extracted from 3-day-old cells cultured in YD broth (1 % yeast extract and 1 % glucose; Difco) using the method described by Saito & Miura (1963) . PCR amplification of the 16S rRNA gene was performed according to Inahashi et al. (2010) with universal primers (Tajima et al., 2001) . The housekeeping genes atpD and gyrB were amplified with the method and primers described by Martens et al. (2008) , whereas recA was amplified according to Gaunt et al. (2001) . The annealing temperature was modified to 70 8C for atpD and recA and 58 8C for gyrB. The PCR products were sequenced using a DNA sequencer (Applied Biosystems 3130 Genetic Analyzer) with the BigDye Terminator v3.1 cycle Sequencing kit (Applied Biosystems). DNA sequences were assembled using BioEdit 7.2.5 software (Hall, 1999) . The sequences of related strains were obtained from the GenBank database.
The phylogenetic neighbours of strain PC004
T were investigated with the EzTaxon server (Kim et al., 2012) based on 16S rRNA gene sequence data. Multiple alignments were performed using the CLUSTAL W program within the MEGA 6 software (Tamura et al., 2013) . Phylogenetic trees based on the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony methods were reconstructed, and the evolutionary distances were computed using the Kimura two-parameter method (Kimura, 1980) . Strain PC004
T showed highest 16S rRNA gene sequence similarity (96.6 %) to Rhizobium mesosinicum HAMBI 3194
T (Lin et al., 2009 ).
The phylogenetic trees composed of the type strains of all Rhizobium species indicate that strain PC004 T belongs to the genus Rhizobium and is closely related to Rhizobium petrolearium KCTC 23288 T ( Fig. 1 and Fig. S1 , available in the online Supplementary Material; Zhang et al., 2012) , even though the level of similarity between the two was low (95.8 %). Furthermore, Fig. 1 also shows that strain PC004
T is separated from a recently established genus, Neorhizobium (Mousavi et al., 2014) . Therefore, we propose that strain PC004
T is the member of the genus Rhizobium.
The atpD, gyrB and recA gene sequences of PC004
T were compared with those of two type strains, R. mesosinicum HAMBI 3194
T and R. petrolearium KCTC 23288 T . Levels of similarity for these gene sequences were not more than 90 % (Table 1) . Moreover, a phylogenetic tree was reconstructed using the concatenated atpD-gyrB-recA gene sequences of PC004
T and related strains. Strain PC004
T formed a cluster with R. petrolearium KCTC 23288 T in the concatenated tree (Fig. S2) , which supports the result of 16S rRNA gene sequence analysis.
PC004
T and the reference strains were routinely maintained in yeast mannitol broth (YMB; Vincent, 1970) at 27 8C for 72 h. Growth on trypticase soy agar (TSA; Difco) was also observed. Biomass of PC004
T and the reference strains was obtained by culturing in YD broth at 27 8C for 72 h followed by lyophilization. The DNA G+C content of strain PC004
T was determined by the method of Tamaoka & Komagata (1984) as 64 mol%. This value is within the range reported for the genus Rhizobium (57-66 mol%; Kuykendall et al., 2005) . DNA-DNA relatedness between strain PC004 T and R. mesosinicum HAMBI 3194
T and R. petrolearium KCTC 23288 T was determined using the method of Ezaki et al. (1989) . DNA-DNA relatedness values were 8.2 and 26.3 %, respectively, which were lower than the recommended threshold at 70 % (Wayne et al., 1987) . These data indicate that PC004
T is different from these two recognized species.
Total cellular fatty acids of strain PC004 T were extracted according to the method of Sasser (1990) and analysed with the Sherlock Microbial Identification System (MIDI). The major fatty acid of strain PC004
T was C 18 : 1 v7c (75.1 %). It also contained minor amounts of On: Thu, 03 Jan 2019 00:27:15 C 16 : 0 (3.9 %), C 16 : 0 3-OH (3.5 %), C 18 : 0 3-OH (2.2 %), C 18 : 1 2-OH (2.5 %), C 19 : 0 cyclo v8c (3.0 %) and summed feature 2 (5.4 %). This fatty acid profile indicates that strain PC004 T should be included in the genus Rhizobium (Tighe et al., 2000) . However, it differs from other members of the genus by the absence of C 20 : 3 v6,9,12c and the presence of summed feature 2 and C 18 : 0 3-OH (Table S1 ).
The pH range for growth was assessed by culturing on YMA. The pH value was adjusted to 4.0-12.0 (1.0 pH unit increments) after autoclaving with HCl or NaOH. Salinity tolerance was examined on YMA supplemented with 0-7 % (w/v) NaCl. Resistance to the antibiotics ampicillin, bacitracin, chloramphenicol, erythromycin, kanamycin, streptomycin and tetracycline was evaluated by culturing the strains on YMA supplemented with 0, 5, 50 and 100 mg ml 21 of each antibiotic. All the tests were assessed after cultivation for 7 days at 27 8C. The temperature range was also tested using the same media at 4-50 8C. The utilization of various substrates and enzyme activities were determined using the API 20NE and API 50 systems (bioMérieux). The strains were inoculated according to the manufacturer's instructions and incubated for 3 days. The discriminative features are shown in Table 2 .
Colony morphology was observed on YMA. Gram-staining was performed using Gram-stain reagent solution (Nacalai Tesque). Cell morphology and motility of PC004 T were observed under light microscopy and transmission electron microscopy (JEM-1200EXII, JEOL) with negative staining using a 3-day-old culture in YMB (Fig. S3) .
The nodulation ability of strain PC004
T was evaluated with P. candollei var. candollei (original host), P. candollei var. mirifica, Phaseolus vulgaris, Glycine max and Vigna radiata. The seeds were surface-sterilized, germinated and inoculated according to the protocol of Vincent (1970) . Noninoculated plants were used as controls. The plants were grown at 25 8C in the growth room with a 16/8 h light/ dark photoperiod. Furthermore, the presence of nifH and nodC genes was assessed by PCR amplification with the primers and conditions as described by Laguerre et al. (2001) , Lin et al. (2009) and Vinuesa et al. (2005) . After 6 weeks of culturing, strain PC004
T did not form any nodules on the tested plants, including the original host, which suggested that it is a non-nodulating endophyte. Moreover, the PCR products of nifH and nodC genes were not obtained.
It is clear that strain PC004
T belongs to the genus Rhizobium, as based on phylogenetic and DNA G+C content data. According to its phenotypic and genotypic distinctiveness from closely related species R. mesosinicum HAMBI 3194 T and R. petrolearium KCTC 23288 T , strain PC004
T is considered to represent a novel species of the genus Rhizobium, for which we propose the name Rhizobium puerariae sp. nov.
Description of Rhizobium puerariae
Rhizobium puerariae (pu.e.ra9ri.ae. N.L. fem. gen. n. puerariae of Pueraria, the genus of Pueraria candollei, from which the type strain was isolated).
Cells are Gram-stain-negative, aerobic, motile, non-sporeforming rods (1.0-1.2|1.7-2.4 mm). Colonies grown on YMA for 3 days at 28 uC are circular and white, 0.5-1 mm in diameter. The pH range for growth is 6-12. The temperature range is 14-38 uC. Grows with 0-2 % (w/v) NaCl. 
